A Gram-stain-positive, non-spore-forming actinobacterium, strain 9H-4 T , isolated from the choana of a garden warbler (Sylvia borin) was studied to examine its taxonomic position. On the basis of 16S rRNA gene sequence analysis it was shown that strain 9H-4 T belongs to the genus Aeromicrobium with Aeromicrobium flavum TYLN1 T (98.7 % similarity) and
The genus Aeromicrobium, a member of the family Nocardioidaceae, was proposed by Miller et al. [1] ; its description was later emended by Yoon et al. [2] . Members of this genus have been isolated from different habitats, such as soil, air, plants, ascidians, human faeces and the marine environment [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . At the time of writing, they are classified into 12 validly named species with Aeromicrobium erythreum as the type species (www.bacterio.net/aeromicrobium.html).
The cells of Aeromicrobium species form rods or cocci; endospores have not been observed. Some species are motile, while others are non-motile. Their cell wall is Gram-stainpositive with peptidoglycan containing LL-diaminopimelic acid, alanine, glutamic acid and glycine. The metabolism of Aeromicrobium is respiratory with oxygen as terminal electron acceptor. The respiratory chain contains menaquinones as the sole respiratory quinones with tetrahydrogenated menaquinone containing nine isoprene units [MK-9(H 4 )] as the predominant menaquinone. Most of the species are catalase-positive, but a negative catalase reaction may also occur. Aeromicrobium species are mesophilic bacteria with optimal growth at [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] C. Cells contain octadecenoic (C 18: 1 !9c), hexadecanoic (C 16 : 0 ), tuberculostearic (10-methyl C 18 : 0 ) and 2-hydroxy hexadecanoic (C 16 : 0 2-OH) acids as the major cellular fatty acids. The DNA G+C content of Aeromicrobium species is 65.5-75.9 mol% [13] .
During an assessment of the diversity of the cultivable microbiota from the choana of free-living birds aiming to investigate its correlation to the birds' diet (submitted manuscript), strain 9H-4
T was isolated from a garden warbler (Sylvia borin). The isolate was obtained by plating a choanal swab on nutrient agar (NA; Sigma-Aldrich) followed by incubation of the plate at 30 C in an aerobic atmosphere. The bird was caught at the municipality of Pragersko in Slovenska Bistrica (Slovenia) in the frame of a bird ringing scheme coordinated by EURING (www.euring.org/). Strain 9H-4
T formed a separate branch in a 16S rRNA gene sequence-based phylogenetic tree within the clade Aeromicrobium, suggesting its novel species designation. To clarify its taxonomic status, further genotypic and phenotypic analyses were performed.
A nearly complete 16S rRNA gene sequence of strain 9H-4 T (1488 nt) was determined as described previously [14] with the following modifications: DNA was isolated with a Gene-JET Genomic DNA Purification Kit (Thermo Fisher Scientific) following the protocol for Gram-positive bacteria. The 16S rRNA gene sequence was amplified with primers fD1 (5¢-AGAGTTTGATCMTGGCTCAG-3¢) and rH1542 (5¢-AAG-GAGGTGATCCAGCCGCA-3¢). Nucleotide sequences of both strands were determined by the primer walking methods using the primers described by Boesch et al. [15] . The 16S rRNA gene sequence was compared with all type strains representing the genus Aeromicrobium. The sequence exhibited 98.7 % (17 nt differences) and 98.4 % (22 nt differences) nucleotide similarity with Aeromicrobium flavum TYLN1
T and Aeromicrobium tamlense SSW1-57 T , respectively. The next closest species were Aeromicrobium alkaliterrae KSL-107 T , Aeromicrobium ginsengisoli Gsoil 098 T and Aeromicrobium halocynthiae KME 001 T with 97.4 % 16S rRNA gene sequence similarity. The sequences were aligned with the CLUSTAL X 1.8 program [16] using the default settings of the multiple alignment tool and then subjected to phylogenetic analyses by applying the maximum-likelihood method in the program DNAML and the neighbour-joining method in the program DNADIST, both from the PHYLIP package, version 3.6 [17] . The trees were drawn with the Treeview program [18] . The robustness of the phylogenetic tree topologies was evaluated by bootstrap analysis with 1000 replications using the SEQBOOT and CONSENCE programs from the PHYLIP package. Bootstrap values >60 % were considered to be significant. In both 16S rRNA gene sequence-based phylogenetic trees (Figs 1 and S1, available in the online Supplementary Material), strain 9H-4 T formed a distinct branch well separated from its closest relatives A. flavum and A. tamlense. The position of other Aeromicrobium species differed slightly among the two trees: in the neighbour-joining tree A. erythreum was closer to Aeromicrobium fastidiosum and Aeromicrobium ponti to A. alkaliterrae, whereas in the maximum-likelihood tree A. erythreum was closer to A. ponti and A. alkaliterrae formed its own branch.
DNA-DNA hybridizations were performed between strain 9H-4
T and the type strains of the two closest species, A. flavum DSM 19355 T and A. tamlense DSM 19087 T . Since the 16S rRNA gene sequence similarity with all other strains was significantly below the threshold of 98.7-99 % [19] at which DNA-DNA hybridization experiments are mandatory, other strains were not included in the hybridization analyses. Genomic DNA for DNA-DNA hybridizations was isolated using a modification of the procedure of Gevers et al. [20] . DNA-DNA hybridizations were conducted in the presence of 50 % formamide according to a modification [21, 22] of the microplate method described by Ezaki et al. [23] . The hybridization temperature was 54 C and reciprocal reactions were performed. Strain 9H-4
T exhibited 39 and 46 % DNA-DNA relatedness with A. flavum DSM 19355 T and A. tamlense DSM 19087 T , respectively. These values were well below the species delineation threshold level (<70 %; [24, 25] ) and confirmed that strain 9H-4 T indeed constitutes a single novel species in the genus Aeromicrobium. T this fatty acid was not detected. The isomer type of the diamino acid in the cell wall of strain 9H-4 T was analysed by TLC as described previously [26] . LL-Diaminopimelic acid was found, indicating its presence in the cross-linkage of the peptidoglycan in strain 9H-4
T . Extraction of quinones and determination of the quinone composition were carried out according to a modification of the procedure of Da Costa et al. [27] . The predominant quinone was menaquinone MK-9(H 4 ), consistent with the other described species of the genus Aeromicrobium, and additionally confirms that menaquinone containing nine isoprene units is the predominant menaquinone type in the genus Aeromicrobium.
For the determination of the DNA G+C content, the same DNA extraction protocol was applied as for the DNA-DNA hybridization. The DNA base composition of strain 9H-4 T was determined by HPLC according to the method described by Mesbah et al. [28] . Non-methylated phage lambda DNA (Sigma) was used as a calibration reference. The DNA G+C content of strain 9H-4 T was 70.8 mol%. This value falls within the range of DNA G+C content (65.5-75.9 %) of the genus Aeromicrobium [5, 6, 8, 10, 12] .
Strain 9H-4
T grew poorly on NA medium after its resuscitation from À80 C. It grew better on TSA medium and very well on Luria-Bertani (LB) agar medium; the latter medium was used for further experiments. Colony morphology and colony size were described and measured visually after 4 days of cultivation on agar media. The Gram-stain reaction was determined by using a Gramstaining kit (Sigma-Aldrich), following the instructions of the manufacturer. Activity of cytochrome c oxidase was determined by oxidation of 1 % (w/v) N,N,N¢,N¢-tetramethyl-1,4-phenylendiamin dihydrochloride and of catalase activity by observing air bubble production using 3 % (v/v) H 2 O 2 as described by Gerhardt et al. [29] . Oxygen demand for growth was determined by incubating the inoculated LB agar medium for 7 days in a jar with anaerobic atmosphere generation bags (Sigma-Aldrich). Resistance to different concentrations of NaCl and the pH range for growth were analysed in LB broth. The media were buffered with 200 mM Na 2 HPO 4 /100 mM citrate for pH 4.0-6.0, 100 mM NaH 2 PO 4 /Na 2 HPO 4 for pH 6.5-8.0, 100 mM NaHCO 3 /Na 2 CO 3 for pH 9.0-10.5 and 50 mM NaHCO 3 /100 mM NaOH for pH 11.0 [12, 30] . Growth was followed by an increase in turbidity. The temperature range for growth was analysed on LB agar medium by incubating the plates for 1 week at different temperatures.
The optimum growth temperature was determined by measuring the optical density at 600 nm in LB medium. Motility was determined as described by Alexander and Strete [31] in semi-solid LB medium containing 0.5 % agar by incubating tubes for 4 days at 30 C. Gliding motility was analysed on the same type of medium in a Petri dish by inoculating the surface of the medium with a spot of strain 9H-4 T culture. The presence of endospores was determined according to the method of Schaeffer-Fulton as described by Gerhardt et al. [29] .
The ability to utilize different substrates as a sole carbon source was tested in basal medium described by Niu et al. [12] . Carbohydrates (0.8 %, w/v), alcohols and organic acids (0.1 %, w/v) were added to the basal medium. The hydrolysis of casein was tested in LB agar medium containing skimmed milk as described by Gerhardt et al. [29] . Other biochemical characteristics were determined by using the API ZYM and API 20E microtest systems (bioM erieux) at 30 C following the instructions of the manufacturer. In all these experiments the two phylogenetically closest related species were used, namely A. flavum and A. tamlense.
The main differential phenotypic characteristics between strain 9H-4 T and its closest relatives A. flavum DSM 19355 T and A. tamlense DSM 19087 T are ability to hydrolyse casein and positive enzyme activities of b-galactosidase and valine arylamidase. Other typical characteristics of strain 9H-4 T which enable its differentiation from the other species within the genus Aeromicrobium are ability to reduce nitrate, to utilize citrate as a sole carbon source, and positive lipase (C14) and b-glucosidase activities (Table 1 ).
In conclusion, the results of this polyphasic study demonstrate that strain 9H-4
T represents a novel Aeromicrobium species that can be distinguished from its nearest phylogenetic neighbours. It is proposed to classify this strain as representing Aeromicrobium choanae sp. nov. 
DESCRIPTION OF AEROMICROBIUM CHOANAE SP. NOV.
Aeromicrobium choanae (cho.a¢nae. Gr. n. choan e funnel; N.L. gen. n. choanae of the posterior nasal aperture from where the type strain was obtained).
Cells are Gram-stain-positive, strictly aerobic, oxidase-negative, catalase-positive, non-motile cocci of 1.5 µm (Fig. S2) . Cells form circular, dark yellow colonies of 1.8-2.0 mm in diameter on LB agar media after 4 days of cultivation. Growth occurs at C and pH 6-10 with optimal growth at 29-31 C and pH 7. Tolerates up to 5 % (w/v) NaCl. Nitrate is reduced to nitrite. Gelatin is liquefied. Casein is hydrolysed. H 2 S and indole are not produced. Urease activity is not detected. In the API 20E system b-galactosidase activity is detected, while activities of arginine dihydrolase, lysine dihydrolase, lysine decarboxylase and tryptophane deaminase are not detected. In API ZYM tests, alkaline phosphatase, esterase (C4), esterase lipase (C8), lipase (C14), leucine arylamidase, valine arylamidase, acid phosphatase, naphthol-AS-BI-phosphohydrolase, b-galactosidase, a-glucosidase and 
